The accumulation of neutral lipids in the cells predetermined to evolve into the cyst cavity lining in Hymenolepis diminuta cysticercoids is presented. The differentiation of these cells from the mesenchyma cells and the accompanying synthesis of lipids began in very young, blastula-shaped larvae. Both the number of the cells and the amount of their lipids increased gradually during further development of the parasites. In the pre-encystment stage of the cysticercoids the cells concentrated around the cavity of the prospective cyst. Following encystment, the scolex and the inverted neck became surrounded by a compact mass of the cells, which started using the stored lipids as a source of energy indispensable for the formation of the cyst tissues and of the definitive multilayer lining of the cyst cavity. No neutral lipids were detected in the mature 23-day-old cysticercoids as well as in the experimentally excysted scoleces. Beside a low level of uniformly distributed phospholipids apparently associated with cell membranes, no local accumulations of these substances were observed at any step of the development of the larvae. The utilization of neutral lipids proves both the presence of a lipase-type enzyme(s) and an operative β-oxidation pathway in the cells of the cysticercoids, the latter feature being highly indicative of oxidative metabolism of these larvae.
Introduction
and Voge (1960) first examined the histology of young cysticercoids of Hymenolepis diminuta at light microscope level. They described the morphology of "fiber-like" or "spindle-shaped" cells arranged in a loose network inside the cavity of the prospective cyst. Characteristic features of these cells were long and numerous cytoplasmic projections and the presence of large lipid droplets in the cytoplasm. Allison et al. (1972) presented the ultrastructure of these "fiber-like" or "spindle-shaped" cells, which at the end of the development of the cysticercoids formed a multilayer cyst cavity lining, composed of forty to fifty layers of thin cytoplasmic strands. Similar cell types were found in young cysticercoids of Hymenolepis citelli (Collin 1970) , H. microstoma (Caley 1974) , Raillietina cesticillus (Baron 1971) , and Moniezia expansa (Caley 1976) . By means of histochemical methods Moczoñ and OEwietlikowska (2006) examined the distribution of the activity of acetylcholinesterase (AChE) in the developing cysticercoids of H. diminuta. They demonstrated an expression of the enzyme in a population of non-neural cells, which gradually spread all over the internal wall of the cyst cavity and, finally, they become arranged in a thin cyst cavity lining. The lining remained strongly AChE-positive during the whole life of the larvae. The lining-forming cells presumably utilize their lipid stores as a source of energy for the transformation process, since no lipid droplets one can observe in the cells of fully developed cysticercoids. The aim of the present study was to examine histochemically the process of the gradual storage and utilization of neutral lipids in the course of the development of the cysticercoids of H. diminuta.
Materials and methods
The beetles Tenebrio molitor infected with oncospheres of H. diminuta were maintained in the laboratory at approximately 20°C. Under these conditions the development of cysticercoids within heavily infected beetles took from 20 to 23 days. The hosts were dissected every day, the extracted parasites were washed with PBS, prefixed in 2% formalin in a 50 mM sodium cacodylate buffer at pH 7.4 for 2 h and subseSkóra Stefañski DOI: 10.2478/s11686-006-0023-7
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Figs 1-10. Synthesis and utilization of lipids during the development of H. diminuta cysticercoids. The larvae were examined with the OTAN method, except otherwise indicated. 1. Sparse droplets of neutral lipids (black spots) in the anterior half of the body of the 6-day-old cysticercoid with a recognizable scolex anlage. 2. An increase in number of lipid-synthesizing cells occupying the area posterior to the scolex anlage of the 9-day-old cysticercoid. 3. Further increase in lipid stores in the 12-day-old larva stained with Sudan Black B. The cells loaded with lipids tend to surround the cavity of the prospective cyst (asterisk) or "primitive lacuna", as termed by certain authors. 4. A characteristic triangle-shaped arrangement of lipid-synthesizing cells indicating their migration from the scolex area toward the prospective cyst cavity of the 14-day-old cysticercoid. 5. A dense mass of lipid-synthesizing cells occupying the internal wall of the prospective cyst in the 15-day-old cysticercoid. 6. The encysted 16-day-old larva. Both the withdrawn scolex and the inverted neck are screened by the surrounding lining-forming cells loaded with lipids. Some of these cells (arrowhead) are seen out of the cyst cavity, at the basal part of the cercomer. 7. The encysted 18-day-old cysticercoid. Note the thickened wall of the cyst, which is free from lipids. Fig. 8 . A decreased amount of lipids stored within the cells that form the definitive lining of the cyst cavity in the 20-day-old larva. Utilization of lipids in the cortical parenchyma of the scolex may be associated with the formation of the tegument of the mature cestode-type. 9. Negative OTAN reaction in the 23-day-old cysticercoid. 10. The experimentally excysted scolex free from unsaturated lipids. A slightly more intense greyness within the scolex in comparison to the neck was due to a higher level of phospholipids associated with muscle cells of the suckers. Abbreviations: ac -anterior canal with some entrapped lining-forming cells, c -cercomer, cav -cyst cavity, ccl -cyst cavity lining, cw -cyst wall, n -neck, s -scolex quently fixed overnight in a mixture comprising 5% formalin, 25 mM calcium acetate, and 50 mM sodium cacodylate buffer at pH 7.4. Following fixation the material was washed for 4 h in several changes of the buffer, rinsed with distilled water and processed for histochemical detection of lipids.
Two methods were employed to demonstrate the distribution of lipids in the developing larvae: the osmium tetroxide-α-naphthylamine (OTAN) technique according to Adams (1959) and a lipid staining method utilizing a hydrophobic, lipid-soluble dye Sudan Black B (Romeis 1948) . The first method allows the visualization of neutral unsaturated lipids (which become black as a result of the reduction of osmium tetroxide to osmium dioxide) and phospholipids (which become pink after treatment of the osmicated specimens with an α-naphthylamine solution). Proteins remain unstained as a result of the presence of potassium chlorate (an oxidizing reagent) in the solution of osmium tetroxide. The second method is less specific due to hydrophobic interactions between the molecules of Sudan Black B and long-chain alkyl radicals in various tissue lipids. For control, the fixed material was treated with a mixture of chloroform and methanol (2:1 by volume) for 60 min, at room temperature, to extract most lipids from the larval bodies.
Results
Synthesis of neutral lipids in the developing cysticercoid began very early, i.e. at about 6th day post infection when the parasite assumed a blastula-like shape. The cells, which started to synthesize lipids were scattered over the anterior half of the cysticercoid body (Fig. 1) . On the 9th day post infection, when the body of the parasite became elongated and the scolex anlage was well recognizable, an increased number of cells loaded with lipid droplets were observed (Fig. 2) . The anterior body part of the 12-day-old cysticercoids was almost completely masked by lipid droplets stored in cells, which appeared to migrate toward the cyst cavity and accumulate around it (Fig. 3) . The migratory behavior of these lipid-synthesizing cells was more strongly marked in the 14-day-old cysticercoids, in which a triangle-shaped "stream" of these migrating cells was observed (Fig. 4) . On the 15th day post infection, the whole internal wall of the prospective cyst was lined with cells loaded with neutral lipids (Fig. 5) . On the 16th day after infection, just after the encystment took place, both the scolex and the inverted neck became screened by the surrounding cells loaded with stained lipids (Fig. 6) . The contraction of muscle fibers of the posterior part of the cyst resulted in the dislocation of some lipid-containing cells into the basal part of the cercomer (Figs 6 and 7) . As the thickness of the cyst wall of the 18-20-day-old larvae increased, the amount of stored lipids gradually decreased, thus indicating that some lipids were mobilized to supply energy for the formation of cyst tissues (Figs 7 and 8) . The cyst of the 20-dayold cysticercoids became translucent enough to enable an identification of the thin cavity lining that still contained a certain amount of lipids (Fig. 8) . No neutral unsaturated lipids were detected with the OTAN method in fully developed, 23-day-old cysticercoids ( Fig. 9) . Staining of lipids in the mature cysticercoids with Sudan Black B produced no satisfactory results, due to an excessive and long-lasting retention of the dye in the whole encysted body parts during the regressive step of the staining procedure.
No neutral unsaturated lipids were found in the scoleces, which were experimentally excysted by means of a sequential treatment of the cysticercoids with appropriate pepsin and trypsin solutions (Fig. 10) .
No accumulations of phospholipids were detected in the examined material. Following the final step of the OTAN method, all examined specimens assumed a pale pink tint due to the presence of phospholipids in the cell membranes. The only body parts of the cysticercoids, which exhibited a slightly more intense coloration of cell membrane phospholipids, were the suckers, apparently due to a relatively high number of small cells arranged in a compact muscular structure.
Control specimens examined with the OTAN method remained totally unstained, as the mixture of chloroform and methanol extracted all stainable lipids from the cells.
Discussion
As mentioned in the Introduction section, the cells, which are predetermined to evolve into the cyst cavity lining in H. diminuta cysticercoids, are characterized by the three general features: the morphology, the presence of large lipid droplets in the cytoplasm, and the activity of acetylcholinesterase. Observations presented here indicate that first signs of the differentiation of these cells from the mesenchymal cells are observed at the anterior part of the body of young several-dayold cysticercoids. The process of the differentiation and the accompanying synthesis of lipids spread gradually over other mesenchymal cells, which surround the cavity of the prospective cyst. The expression of AChE begins in somewhat older, i.e. worm-shaped cysticercoids and it takes place first in two and then in four short longitudinal strands of the differentiated cells occupying the area of the prospective cyst (Moczoñ and OEwietlikowska 2006) . Perhaps there is no simple relation between the activity of AChE and the storage and mobilization of lipids in the lining-forming cells. In general, AChEs are membrane-bound enzymes, and one can expect that the nonneural AChE of the cysticercoids is tethered to the numerous cell membranes of the cyst cavity lining, playing there a regulative role in the process of an exchange of metabolites between the tissues of the cyst and the parenchyma of the inverted neck. Lipids synthesized during the development of the cysticercoids can serve as a source of energy indispensable for the definitive morphological and functional transformation of the lining-forming cells themselves, for the completion of the development of the scolex and the tegument of the mature cestode-type and, possibly, for the process of histogenesis that leads to the formation of the definitive cyst.
154 Stanis³a Long-chain fatty acids and their glycerin esters represent important energy reserves in many organisms, while in some anaerobic parasites they appear to be essentially waste products. Certain trematode species are able to excrete lipids via the excretory canal (Fried and Shapiro 1975 , Fried and Appel 1977 , whereas mature cestodes accumulate lipids in the parenchymal cells. The parenchymal concentration of lipids increases progressively with the maturity of the proglottids. Lipids comprise more than 30% of the total solids in the terminal gravid proglottids of H. diminuta (Fairbairn et al. 1961 ) and the linoleic (cis-9,cis-12-octadecadienoic) acid is the prevalent fatty acid of these substances. The parasite is incapable of synthesizing fatty acids de novo, i.e. from acetyl coenzyme A, but is capable of assembling glycerides when supplied with exogenous fatty acids (Ginger and Fairbairn 1966 , Lumsden and Harrington 1966 , Jacobsen and Fairbairn 1967 , King and Lumsden 1969 . However, glycerides cannot be utilized as a source of energy, because the β-oxidation pathway does not function in the organism of this anaerobic cestode (Ward and Fairbairn 1970) . The cysticercoids are aerobic organisms, as the activity of cytochrome oxidase was easily detectable in cryostat sections from these larvae (Moczoñ 1973) . The disappearance of the stored lipids from the cells of the cysticercoids is highly indicative of the presence of lipase-related enzymes and of the operative β-oxidation pathway in the cells, and also constitutes yet another proof of aerobic metabolism of these larvae.
